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(57) Abstract: The invention relates to abase station in a mobile com- 
munication network, comprising one antenna array, sending signals 
bearing dedicated as well as broadcast channels into a sector of inter- 
est, beamforming means adjusting phase angle and/or amplitude of one 
of said signals being applied to the antenna, and a transceiver unit. To 
provide a base station being capable of sending directed beams as well 
as undirected beams, whereby the size of the base station is kept small, 
a base station wherein said antenna array comprises two groups of an- 
tenna elements, where one first group of antenna elements transmits 
at least one undirected beam, bearing at least one broadcast channel 
that is common for said whole sector, and where one second group 
of antenna elements transmits at least two directed beams, each beam 
bearing said dedicated channels that are intended only for a part of said 
sector is proposed. 
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Hybrid antenna array 

The invention relates to a base station in a mobile 
communication network, in particular a cellular mobile 
communication network comprising at least one antenna 
array with at least four, parallel arranged antenna 
elements, sending signals bearing dedicated as well as 
broadcast channels into a sector of interest beamforming 
means adjusting phase angle and/or amplitude of at least 
one of said signals being applied to the antenna 
elements, and a transceiver unit generating and receiving 
said signals. The sector of interest may be in the 
azimuth plane as well as in the vertical plane. 

In today's wireless mobile cellular communication 
networks, the increase of subscribers forces the 
operators to use the available bandwidth more 
efficiently. Known options are allocating more frequency, 
using frequency-hopping techniques, and adding micro 
cells into hot spots, where communication traffic is 
high. All these techniques do not solve the problem of 
interference between channels of adjacent cells- During 
frequency planning of the network, it has to be taken 
into account that adjacent cells must not use the same 
frequencies. Another known option is the use of adaptive 
antenna systems. In adaptive antenna systems, a plurality 
of beams, bearing the channels being transmitted to the 
mobile stations and being spatially spaced apart are 
directed into the cell. A beam is a region of high signal 
strength. It is a matter of feeding an antenna array with 
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signals being phase angle and/or amplitude shifted 
against each other that the power of transmitted signals 
of an antenna array is not homogeneously spread into the 
whole sector but directed in beams- The antenna gain is 
proportional to the number of antenna elements in the 
antenna array and may be in the main direction about 20 
dB. In the other directions, side lobe levels may be from 
-10 to -40 dB compared to the main beam. Through the use 
of directed beams, interference levels in the network are 
reduced and thereby the capacity is increased- It is 
known that antenna arrays can be used to create directed 
beams. These antenna arrays are two-dimensional antenna 
arrays which are fed by amplitude and/or phase angle 
weighted signals. By adjusting the signals being applied 
to each of the antenna elements, the direction of a beam 
can be controlled. Adaptive antennae using fixed beams as 
well as adaptive beams are known. Adaptive beams are 
directed towards a dedicated mobile station and move 
according to the movement of the mobile station. Fixed 
beams have a dedicated direction and mobile stations 
being allocated in the sector of a directed beam use the 
available channels of this beam. In case the mobile 
station moves through a sector and leaves the sector of 
coverage of one beam, handover procedures ascertain that 
the mobile station uses the available channels of the 
next beam. 

The problem of both approaches is that-some common 
channels, like the common pilot channel (CPICH) in the 
wide band code division multiple access (WCDMA) system or 
the broadcast channel (BCCH) in the global system for 
mobile communication (GSM) have to be delivered to the 
entire sector at all times. It is understood, that this 
problem of dedicated channels and broadcast channels is 
present in any communication system which deploys common 
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as well as dedicated information to specific users. When 
using directed beams, notches with low signal strength 
appear in a cell. In case the fixed beam approach is 
used, these notches can be made quite small and thus the 
reception of the common channels is improved. However, 
this would require that all common channels have to be 
exactly in the same phase at each antenna element of the 
antenna array. That would require that feeder cables and 
other elements of the base station have to be calibrated. 

To overcome this problem, a known approach is to transmit 
a control channel simultaneously over the entire cell or 
cell sector region. To satisfy this requirement, a 
separate sector antenna has to be used. As the size of a 
base station antenna is crucial, any additional antenna 
element has to be avoided. 

According to these problems, it is the objective of the 
invention to provide a base station with an antenna array 
being capable of sending directed beams as well as 
undirected beams, whereby the size of the base station is 
kept small . 

According to the invention this objective is met by a 
base station wherein said antenna array comprises at 
least two groups of antenna elements, each group 
comprising at least two antenna elements, where one first 
group of antenna elements transmits at least one 
undirected beam, bearing at least one of said broadcast 
channel that is common for said whole sector, into said 
whole sector, and where one second group of antenna 
elements transmits at least two directed beams, each beam 
bearing said dedicated channels that are intended only 
for a part of said sector and each beam covering said 
part of said, sector, respectively. Thus the antenna array 



WO 01/89030 



4 



PCT/EP00/04496 



can be kept small, as all antenna elements can be 
arranged within one antenna radome. The manufacturing of 
such an antenna array is easy, as all antenna elements 
are the same. There is no demand for two different types 
of antenna elements. It is understood that the sector of 
interest may be in the azimuth plane as well as the 
vertical plane. 

In case said antenna elements of said first group of 
antenna elements are located at the outermost part of 
said antenna array and said antenna elements of said 
second group of antenna elements are located at the inner 
part of said antenna array, the antenna array. can be kept 
small and the mutual coupling between the antenna 
elements is equal. In some known antenna arrays, the 
outermost antenna elements are dummy elements, which 
provide an equal mutual coupling characteristic among the 
antenna columns which are used for fixed beams. According 
to the invention, these dummy elements are used to 
transmit the broadcast channel. Such, the broadcast 
channel can be applied to the whole sector and the size 
of the antenna can be kept small. It is understood that a 
single directed beam is not limited only to its proposed 
direction. As can be seen in Fig. 1 the radiation power 
of a single beam is distributed in the azimuth plane. The 
antenna gain is being adapted in a way, that the gain in 
the main direction is about 10 to 2 0 dB. In the direction 
of the adjacent beam, the gain of the first beam is in 
the order of 0 to -20 dB. Thus spatial filtering is 
achieved so that adjacent beams have low interference. 

The base station can be part of a wide band code division 
multiple access (WCDMA) network, a' time division multiple 
access (TDMA) network, or a global system for mobile 
communication (GSM) network. Said signals being 
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transmitted by said base station comply with the 
respective standard* 

The beamf orming means can be passive, where the 
directions of the directed beams are fixed. Such a 
passive beamf orming means is a butler matrix. The 
advantage of the passive beamforming means is that the 
antenna elements do not require phase coherence between 
the transceiver and the beamf ormer. That allows the 
feeder cables to have arbitrary phases. The butler matrix 
weights the phase angle and/or the amplitudes of the 
signals being fed to the antenna array in a way that the 
direction of the directed beams are fixed but cover the 
whole sector of coverage of the antenna array. The use of 
a butler matrix minimises beamforming loss and generates 
orthogonal beams . 

In case the beamforming means is a digital beamf ormer, 
the beams are fully steerable. The digital beamf ormer is 
able to weight phase angle and/or amplitude of the 
transmitted signals in a way, that the direction of the 
beam is adapted to transmission needs. This is for 
example that* the beam moves along with a mobile station 
through the whole sector of coverage of the antenna 
array. The number of downlink beams can be increased by 
that approach. In such an approach, the direction of 
arrival of the uplink signals at the antenna array has to 
be estimated by the beamforming means to direct the beam 
to the respective mobile station and to move the beam 
according to the movement of the mobile station. 

The overall antenna gain can be increased by increasing 
the number of antennae elements in said antenna array. 
Additional antennae can be vertically arranged in columns 
where up to 20 or more antennae can be in one column. 
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The sector of interest can be in the vertical plane. In 
that case, each row of antennae may be fed with signals 
being phase angle and/or amplitude adjusted in a way that 
the beam is also formed in the vertical plane - 

By using micro strip patches as antennae, the size of 
said antenna array can be minimised. To ensure adequately 
small correlation between the corresponding beams in all 
environments, the sector antennae, which are the 
outermost dummy elements, can be. arranged in a way that 
they have orthogonal polarisation. This would be for 
example +45°/ - 45° or horizontal/vertical polarisation. 

Inter-element spacing of half a wavelength between 
antenna elements allow beamsteering between -90°/+90° 
without grating lobes. These grating lobes are multiple 
main beams. They appear in case inter-element spacing is 
greater than one wavelength of a carrier frequency. The 
reason is the spatial Nyquist sampling criteria. 

By using. an uniform linear array, the antenna elements 
are equally spaced a part. 

The number of useable beams within one sector can be 
increased, if the antenna elements transmit dual 
polarised signals. In this approach, any antenna element 
of the antenna array transmits dual polarised signals. 
Thus the number of beams is doubled. 

In another embodiment of the invention, at least two 
antenna, arrays are arranged on a perimeter. By arranging 
said at least two antenna arrays on a perimeter, for 
instance in an triangular shape, a complete cell can be 
covered. In the embodiment of Fig. 5 , each antenna array 
covers a cell sector of 120°. With four antenna elements 
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per sector, two directed beams and one undirected beam 
cover each cell sector. In cases the signals are not dual 
polarised, the received signals of all antennae, 
including the dummy antennae, can be combined to generate 
a complete receive signal. 

To increase the signals strength, signals bearing 
broadcast channels are being amplified with separated 
amplifiers, which can be low power amplifiers and signals 
bearing dedicated channels are being amplified with power 
amplifiers, in particular wide band power amplifiers. As 
the antenna gain is increased in the direction of the 
beams, the power requirement of said power amplifiers is 
reduced. 

Also said received signals can be amplified with low 
noise amplifiers, which increases the reception quality. 
Low noise amplifier as well as power amplifier can be 
integrated in said butler matrix as well as in said 
antenna elements. In such a case, the feeder cables can 
be sized smaller, which means that these cables are 
lighter and cheaper. 

In the following, possible embodiments of the invention 
are depicted in the drawing in which: 

Fig. 1 shows the beam radiation pattern of one beam; 

Fig. 2 shows an antenna array arrangement; 

Fig. 3 shows one antenna element with micro strip 
patches; 

Fig. 4 shows the radiation pattern of an antenna array; 
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Fig. 5 shows a cell with six directed and three sector 
beams . 

In Fig. 2 one possible embodiment of an antenna array is 
shown. Four antenna elements 200, 202, 204 and 206 are 
arranged in columns besides each other. The antenna 
elements are spaced in the order of half a wavelength 
apart. The outermost antenna elements 200 and 202 are fed 
by a transceiver unit 210 with a broadcast channel. The 
broadcast channel transmits signals being valid for a 
whole sector. This is for example a common pilot channel 
(CPICH) in wide band code division multiple access 
networks. These antenna elements 200, 202 transmit the 
broadcast channel in the whole sector. The inner antenna 
elements 2 04, 206 are connected to the transceiver unit 
210 via the butler matrix 208. The signals generated by 
the transceiver unit 210 are phase shifted by the butler 
matrix 208 in a way that the antenna elements 204 and 206 
transmit directed beams bearing dedicated channels. The 
direction of the transmitted beams is chosen in a way 
that the whole sector is covered by a combination of the 
directed beams. Said butler matrix 208 is connected to a 
low noise amplifier/wide band power amplifier 214,212 
which includes also duplexers to separate a transmit Tx 
branch and a receive Rx branch. Said low noise 
amplifier/wide band power amplifier 214,212 might also be 
integrated into the Butler matrix 208. 

In Fig. 3 one antenna element 202 of array 200, 202, 204, 
and 206 is shown. This antenna element 202 comprises 
micro strip patches 300, 302, and 304. The micro strip 
patches 300-304 are arranged in a way that the 
polarisation of the transmitted signals is 
horizontal/vertical. Instead of horizontal/vertical 
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polarising patches, also cross polansmg ( + 45 /"«> 
patch elements can be used. Thus dual polarxsed elements 
or. single polarised elements can be applied. 

in Fig. 4 a coverage sector of an antenna array 400 is 
shown. The broadcast channel is transmitted in a way that 
the signal can be received with a sufficient signal level 
in the area 402. The dedicated channels are divided into 
four directed beams 404, 406, 408 and 410. The directed 
beams cover in combination the whole sector of coverage. 

In Fig. 5a base station is shown, where three antenna 
arrays are arranged on a perimeter in a triangle 500. 
With such an arrangement, a whole cell can be covered 
with broadcast and dedicated channels . Each antenna 
element of the triangle 500 transmits a broadcast channel 
into the sector 501a, 501b, 501c. In each sector two 
dedicated channels are transmitted in beams 502a, 502b, 
502c and 504a, 504b, 504c. The interference ratio of 
adjacent cells is thus decreased and the available 
bandwidth can be used more efficiently. 

Having described preferred embodiments of a novel hybrid 
antenna array (which are intended to be illustrative and 
not limiting), it is noted that modifications and 
variations can be made by persons skilled in the art in 
light of the above teachings. 
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Claims 

1. Base station in a mobile communication network, in 
particular a cellular mobile communication network 
comprising 

- at least one antenna array with at least four, parallel 
arranged antenna elements (200, 202, 204, 206), sending 
signals bearing dedicated as well as broadcast channels 
into a sector of interest, 

- beamforming means (208)- adjusting phase angle and/or 
amplitude of at least one of said signals being applied 
to the antenna elements, 

- and a transceiver unit (210) generating and receiving 
said signals, 

- characterised in that , 

- said antenna array (200, 202, 204, 206) comprises at 
least two groups of antenna elements, each group 
comprising at least two of said antenna elements, 

- where one first group of antenna elements (200, 202) 
transmits at least one undirected beam (402) , bearing 
at least one of said broadcast channel that is common 
for said whole sector, into said whole sector, and 

- where one second group of antenna elements (204, 206) 
transmits at least two directed beams (404-410), each 
beam bearing said dedicated channels that are intended 
only for a part of said sector and each beam covering 
said part of said sector respectively. 



BNSDOCID: <WO 0189030A1_I_> 



WO 01/89030 PCT/EP00/04496 

11 



2. Base station according to claim 1, 
characterised in that 

said antenna elements of said first group of antenna 
elements (200, 202) is located at the outermost part of 
said antenna array and that said antenna elements of saxd 
second group of antenna elements (204, 206) are located 
at the inner part of said antenna array. 

3. Base station according to claim 1 to 2, 
characterised in that 

said signal transmitted by said antenna array is a wide 
band code division multiple access (WCDMA) signal. 

4. Base station according to claim 1 to 2, 
characterised in that 

said signal transmitted by said antenna array is a time 
division multiple access (TDMA.) signal. 

5. Base station according to claims 1 to 4, 
characterised in that 

said beamforming means (208) is a butler matrix by which 
said signals bearing dedicated channels are phase angle 
and/or amplitude weighted in a way that said directions 
of said directed beams are fixed. 

6. Base station according to claims 1 to 4, 
characterised in that 

the beamforming means (208) is a digital beamf ormer; by 
which said signals bearing dedicated channels are phase 
angle and/or amplitude weighted in a way that said 
directions of said directed beams are adapted according 
to transmission needs. 
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7. Base station according to claims 1 to 6, 
characterised in that 

said antenna elements (200, 202, 204, 206) are vertically 
arranged in columns . 

8. Base station according to claim 1 to 7, 
characterised in that 

said antenna elements (200, 202, 204, 206) comprise a 
plurality of antennae (300, 302, 304) . 

9. Base station according to claim 8, 
characterised in that 

said plurality of antennae are micro strip patches (300, 
302, 304) . 

10. Base station according to claims 1 to 9, 
characterised in that 

said antenna elements form a uniform linear array. 

11. Base station according to claim 1 to 10, 
characterised in that 

the inter-element spacing between said antenna elements 
is less that half a wavelength of a carrier frequency. 

12. Base station according to claims 1 to 11, 
characterised in that 

said first group of antenna elements transmits orthogonal 
polarised signals. 

13. Base station according to claims 1 to 12, 
characterised in that 

said antenna elements of said first group and said second 
group transmit dual polarised signals. 
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14. Base station according to claims 1 to 13, 
characterised in that 

at least two antenna arrays are arranged on a perxmeter, 
each of said antenna arrays transmitting into a different 
direction, whereby said signals transmitted by said at 
least two antenna arrays cover a whole cell of 360° xn 
the azimuth plane. 

15. Base station according to claims 1 to 14, 
characterised in that 

said transceiver unit combines received signals of all 
antenna elements. 

161 Base station according to claims 1 to 15, 
characterised in that 

said received signals are amplified with low noise 
amplifiers (212, 214) . 

17. Base station according to claims 1 to 16, 
characterised in that 

said signals bearing said broadcast channels are 
amplified with dedicated amplifying means and that said 
signals bearing said dedicated channels are amplified 
with power amplifiers (212, 214) . 

18. Base station according to claims 16 or 17, 
characterised in that 

said butler matrix (208) comprises said power amplifiers 
and said low noise amplifiers (212, 214) . 

19. Base station according to claims 16 or 17, 
characterised in that 

said antenna elements (204, 206) comprise said power 
amplifiers and said low noise amplifiers (212, 214) . 
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20". Method for operating a base station in a mobile 
communication network, in particular a cellular mobile 
communication network in which signals bearing dedicated 
as well as broadcast channels into a sector of interest 
are sent by at least one antenna array with at least 
four, parallel arranged antenna elements (200, 202, 204, 
206), the. phase angle and/or amplitude of at least one of 
said signals being applied to the antenna elements are 
adjusted by beamforming means (208) and said signals are 
generated and received by a transceiver unit (210), 
characterised in that, 

one first group of antenna elements (200,202) transmits 
at least one undirected beam (402), bearing at least one 
of said broadcast channel that is common for said whole 
sector, into said whole sector, and one second group of 
antenna elements (204,206) transmits at least two 
directed beams (404-410), each beam bearing said 
dedicated channels that are intended only for a part of 
said sector and each beam covering said part of said 
sector respectively, whereby said antenna array (200, 
202, 204, 206) comprises at least two groups of antenna 
elements, each group comprising at least two of said 
ant enna e 1 ement s . 
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